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Abstract 
Nano Microbial Cellulose (NMC) is one of the most effective biopolymer in treating the injury. It has many applications in 
medical field due to unique properties such as high water absorption, compatibility with body and transparency for medical 
examination. 
Accordingly, this research attempts to evaluate the characteristic of raw and purified microbial cellulose for medical usage. The 
chemical and physical structure of microbial cellulose layer was assessed by FTIR and XRD. In addition, water absorption, 
wettability and permeability of raw and purified microbial cellulose pellicle were investigated and SEM was applied for assessing 
the surface of nanocellulose pellicle. 
FTIR result confirmed the cellulosic structure of pellicle and XRD represented that the crystallinity of NMC was more than 
cotton (plant cellulose). The obtained result indicated that the amount of water absorption of purified layer is 10% less than raw 
layer but wettability of the treated layer is increased more than 50%. No permeability was representing against air pressure in raw 
and purified samples in wet and dry forms at 25 Pa. Therefore, applying purification treatment improved the NMC pellicle 
properties for modern wound dressing. 
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1. Introduction 
Nanomicrobial cellulose (NMC) has a significant role in wound healing. This nanofirbers hydrogel can hold a 
large amount of water and relieves the pain without any side effect,  Fu et al. (2013), Svensson et al. (2005), Lin et 
al. (2013), Park et al. (2014), Kwak et al. (2015). 
NMC is produced by biosynthesis of some bacteria which Acetobacter Xylynium is the most powerful one. 
According to the method of culturing, this microbe can produce microbial cellulose in different shape such as 
pellicle and spherical, Meftahi et al. (2010), Keshk et al. (2014), Huang et al. (2014), Hu et al. (2010), Kulkarni et al. 
(2012). 
During the biosynthesize process, bacteria convert the contain sugar in culture medium to nanosize cellulosic 
fibril via internal metabolism which is secreted to culture medium from microbe surface pores. Fine fibrils formed 
ribbons which they produce nanofibers in the surface of culture medium and immobilize bacteria in 3D network, 
Zimmermann et al. (2010), Lin et al. (2013), Lavoine et al. (2012), Ross et al. (1991). Based on this matter layer 
purification for removing microbe and other culture medium pollutant such as pigments is a necessary issue in 
different application specially wound dressing, Tang et al. (2010). In this research we produce NMC pellicle in static 
culture medium and purified them. Then some properties like permeability, wettability and water absorption of raw 
and purified layers are compared for applying in medical application. 
 
2. Material &method 
Actobacter Xylinum (AATCC 23768) considered for microbial cellulose synthesis. 2.0% D-glucose, 0.5% 
peptone, 0.5% yeast extract, 0.115% citric acid, and 0.27% disodium hydrogen phosphate are used for preparing 
Hestrin-Schramm culture medium (HS).  
Microbial cellulose: It has prepared from 7-day pellicle which is made from statistic Hestrin-Schram broth 
medium (HS). 
Purification: 0.1 N NaOH solution is applied for purification of NMC at boiling point for 90min. Then samples 









Fig. 1. Raw and purified nanomicrobial cellulose. 
FTIR (Model: MB-100, BOMEM, USA) & XRD (Model: 3003PTS, SEIFER, Germany) were used for assessing 
chemical and physical properties of NMC and comparing it with natural cellulose (cotton). In addition static 
immersion test (BS 34491: 1990) was applied for investigating the amount of water absorption of samples. 
Wettability of specimens were evaluated by water drop absorption test (BS 4554: 1970) and air permeability was 
tested by BS 5636:1990 method. 
All these experiments are tested 5 times with considering numerical average. In addition the surface morphology 
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1. 3. Result and discussion 
3.1. FTIR 
Comparison between FTIR spectra of NMC and cotton is presented in fig. 2. The spectrums illustrated the 
occurrence of Cyclohexane ring (1050-1060cm-1), C-O-C (1160-1165cm-1) which proved ether bond and the peaks 
at 1330-1340 cm-1 and 3330-3450 cm-1 are related to OH group in cellulosic material. This observation confirms 
cellulosic structure of NMC. The assignments of significant bonds in cellulosic structure are presented in Table 1, 





Fig. 2. The comparison of FTIR diagram between (a) NMC; (b) cotton, Khajavi et al. (2014). 
                  Table 1. Peaks assignment of cotton and NMC. 
Cotton and Nano microbial cellulose spectra  
Assignment  Cm-1 
Asymmetric in plane ring stretching (Cyclohexane) 1050-1060 
–C–O–C–asymmetric bridge stretching  (Ether bond)  1160-1165 
–OH in plane bending 1330-1340 
Aliphatic –CH2 stretching 2895-2905 
Alcoholic–OH stretching 3330-3340 
3.2. XRD  
For comparing the crystallinity of NMC and cotton, XRD patterns of the samples were collected on a Scintag 
PADV theta-2-theta diffractometer (Scintag, Cupertino, CA) using a copper x-ray source. Fig.3 exhibited the 
crystallinity index. NMC has stronger peak which confirm more crystallinity in its structure rather than cotton, 
Khajavi et al. (2014). 
  
 





Fig. 3. The comparison of XRD diagram between (a) NMC; (b) cotton, Khajavi et al. (2014). 
3.3. Water absorption and Wettability 
From Static immersion test results in table 2, it is clear that water absorption slightly decline after purification. It 
can be due to removing some hydrophilic material in raw layer from medium culture and existence of some small 
parts of main pellicle which can be separate by boiling. Purification removed trapped microbe inside nanocellulose 
network and other impurities which is prepare an appropriate condition for wound dressing. Therefore, 10% 
decrease in water absorption is due to removing of these materials. 
                               Table 2. Result of static immersion test for raw and purified sample. 
Type of sample  Water absorption (%) 
Dry raw cellulose 437.5 
Dry purified cellulose  431.25 
 
Obtained results of wettability are illustrated in table 3. The speed of wettability of raw wet NMC is 63% more 
than purified wet MC and for samples in dry form is 20%. The presence of water in wet MC caused to keep 3D 
nanocellulosic fiber network and hydrophilicity of wet layers is more than dry layers. Due to increasing porosity of 
MC surface layers and enhancing specific surface of hydrophilic NMC layers after purification operation, wet 
purified layer has more ability to absorb water physically and chemically rather than untreated layers. In addition 
surface tension (water and fibers interface) in wet fiber is lower than dry status. 






3.4. Air permeability 
Air permeability of treated and untreated samples (wet and dry status) in 25 Pa pressure were evaluated. Obtained 
result indicated no permeability in this pressure which is due to existence of water in pores of nanofiber network and 
also the swelling of layer in wet purified specimens. This property in untreated dry layers is related to trapped 
microbe in the network structure and other impurities made from culture medium. There is possibility of air 
permeability for dry purified layer in higher air pressure. According to the results, MC layers are able to prevent the 
penetration of microbe from surface of wound dressing into structure and bed wound which act as a barrier.  
Samples   Drop absorption time(s) 
Wet purified microbial cellulose 120 
Dry purified microbial cellulose 270 
Raw wet microbial cellulose 196 
Raw dry microbial cellulose 230 
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3.5. SEM 
Figure 4a represents the surface of impurities NMC layer and fig. 4b shows the orientation and position of 
nanofibers in treated NMC layer. These figures clearly indicated that alkaline operation caused omitting impurities 
and removing trapped microbe in nanofiber structure. In addition this action increases layer porosity and 
strengthened wettability of purified layers. 
  
Fig. 4. Surface of NMC layer (a) untreated; (b) treated. 
4. Conclusion 
Nano microbial cellulose (NMC) as biopolymer has significant role in medical application. This biopolymer 
produces in static culture medium in the form of pellicle which contains the microbes, NMC fibers and other 
impurities such as pigment and other ingredients. Alkaline purification has synergic effect for improving the raw 
layer property. Obtained result showed that by alkaline purification treatment of biopolymer, water absorption of 
layers slightly reduce but wettability of layer increases dramatically. In addition, purification makes more 
transparency of layer and increases the porosity. It indicated that due to the resistance of dry and wet layer against 
air permeability, this layer not only can be suitable barriers for preventing the penetration of microbes to bed wound 
but also causes no infection. 
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